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@ Catalyst for producing phthalic anhydride. 

@ The invention presents catalysts for producing phthalic anhydride by vapor phase catalytic oxidation 
of orthoxylene and/or naphthalene with molecular oxygen or gas containing molecular oxygen. The 
catalyst s prepared by supporting a catalytic active substance comprising 1 to 20 parts by weight 
(hereinafter abbreviated "parts") of vanadium oxide as V2Q3, 99 to 80 parts of anatase type titanium 
dioxide with specific surface area of 10 to 60 mVg as TiOa and per 100 parts of the sum of these two 
ingredients. 0.05 to 1.2 pats of at least one element selected from potassium, cesium, rubidium and 
ttiallrum as oxide, and 0.05 to 2 parts of silver as Ag20 on a heat resistant inorganic carrier. The catalyst 
may also contain, per 100 parts in total of vanadium oxide and titanium dioxide, 0 to 1 part of niobium as 
Nb205. 0 to 1.2 parts of phosptiorus as P203, and 0 to 5 parts of antimony as St>203 (however, contents of 
niobium, phosphorus and antimony will not be zero at the same tinrte). 
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CATALYST FOR PRODUCING PHTHALIC ANHYDRIDE 



The present invention relates to a catalystfor producing phthalic anhydride, and more partlculariy toa catal- 

""'^'''^ "'^^ "^"^ oxidation'of ^.-xylene an^^^^^^^ 

nmlecular oxygen or gas containing moiecular os^en. 

catalysts for producing phthalic anhydride having a catalytic active substance mainly composed of 

vanadium a«de and titanium oxide supported on an inert carrier aro widely known, and a.^ SS^^ 

^^L"'oi^^r''^'^"*'*"'*"'^*'°^'*''-'^23. 49^1036. 52wlS38.andJ^ 

• •TIl*?'*'.*^^' «'"P'« improvement of catalyst perfonmance- regarding selectivity an increase 

m yield of only 1 % is notable in its economic effect considering the scale of picScflCL FurSS^r 

ofh^gh quality at low cost Such improvement of selectivity is also important for using £e raiZSal^S 

^ 'l^°J[nP°'*ant is improvement of productivity and maintenance of stable production by retainino 

STfJL^iSSn ^H^ST"^ "^Jif"^ heat generation, and the temperaturo rise in the hotspo^Tnd^ 

axam^rth?^^ "ar^^ri^^^^^^^ ^ P"-^' - 

We have found that introducing silver into the vanadium-titanium catalyst gives improvement. 
JLrl'"T ^r^^ ^ ^ producing phthaOc anhydride by vapor phase catalytie oxidation of 

molecularoxygen or gas containing molecular o^gen. havl^sJ^^i on 

M n^^^^ ^„ ^ ^ "^J^** °^ ^ 8P«^« s«rta«« area of 1 0 to 

(B). perlOO parts by total weight of (A). O.OSto 1.2 parts by weight of at least one eleme^ 
selerted from potassium, cesium, rubidium and thallium as oxide, and^ to 2 ^ tv^^^^^ 
AgaO ; (hereinafter this is called catalyst 1). wBigm or saver as 

H^V!!!!^""'^^^^^^'^^ phthalic anhydride by vapor phase catalytic oxi- 

ported on a heat r^«tent inorganic carrier catalytic active substance comprising (A) 1 to S p^ by i^faM 

^de 0 to f??J^T; w^fhfciT T potassium, cesium. nibkJium and thallium ^ 

^9 ,;»H?K -f °^ phosphorus as PjOs. 0 to 5 parts by weight of antimony as Sb^Oa. and 0.05 

-'-•^^"^ ''"^^^^^^ ~ ~» 

to eJS^I'^o^Sf of thejwention that anatese type titanium dioxide wKh specific surface area of 10 
to 60 n«g. preferably 15 to 40 m?^g. is used as a component of the catalyUc active substance 

tf the specific surface area of the anatase type titanium dioxide is less than 10 irtVg. the activity of the 

SratrwSlttV^rra'w^^ 

ofsutLrai^s^^t^^^ 

furic^^"^^^oSCi"^ U^^^ ^' manuffachired by a method called the sul- 

i to tfr^S: ««'«"9tt' in spite <f PO^sity: It possesses such strength 

J!?^^ partdes- not crushed by mechanical grinding by an ordinary ball miO or the li^e 

Alftcugh th« anatase type titanium oxide has a large mean partide size of 0.4 to 0.7 pm. ft h« a sS 

«,„^l?i suffiincacKJ solution method, ilmenite (FeOTOJ is treated with sulfuric add at a lower 
concenb«t«n than in production of titanium dioxide by the sulfuric add soHdification method, usually with sul- 

. «nf fint?"' *° ^"l^^^' this tftanhim sulfate is hydrolyre^ unX ^Wre 

at 1 50 to 180«C. and is further baked at 600 to 900-0 to obtain anatese type titanium oxid^ Thfe 
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titanium oxkJe may contain (from the ores) iron, zinc, aluminum, manganese, chromium, calcium or lead as 
oxides, but from the viewpoint of catalytic peifomiance it does not matter particularly if such oxide contents in 
titanium oMe are not more than 0.5 wt%. 

The heat resistant inorganic carrier used in the invention is required to be stable for a long period at a tenv 
6 perature higher than the catalyst operating and the catalyst baking temperatures and not to react with the cataly- 
tic active substance. 

Examples of such heat resistant inorganic carrier include, among others, silicon carbide (StC), alumina, 
zirconiom oxide, and titanium oxide. Particufariy preferable among them is a sHicon carbide carrier with an 
alumina (AlaOa) content of 20 ^% or less, praferabty 5 or less, and apparent porosity of 10% or more, 

10 prtsferably 15 to 45%. In pairticular, a siiccon carbide carrier with an alumina content of 5 wt% or less, snicon 
carbide content of 95 or mome, and apparent porosity of 15 to 45% is favorably used. A saicon carbide 
carrier obtained by self-sintering of silicon carbide powder with a purify of 98% or more is prefenred. 

Theshap® of the heat resistant Inov^anlc carrier is notparticulaiiylBnited, but spherical orcohjmnar shapes 
are easy to handle, and a mean diameter of abovX 2 to 15 mm is prefenred. 

IS Catalyst 1 of the invention is obtainable by supporting, on heat resistant inorganic carrier, a catalytic active 
ingredient oomprfsling 1 to 20 parts by weight of vanadium oxide as V206t 99 to 80 parts by weight of anatase 
type titanium oxide as Ti02 and, per 100 parts by weight of the sum of these two ingredients, 0.05 to 1 .2 parts 
by weight of at least one element selected from potassium, cesium, rubidium and thallium as oxide, and 0.05 
to 2 par^ by might of silver as AgiO. 

20 Bt is one of the features of the Invention, as mentioned hereabove, that stiver is introduced as an ingredient 
of the catalyQc active substance, and the sihfer content In catalyst 1 is lo 0.05 to 2 (pn^emably 0.1 to 1) parts 
by we^ht as Ag20 per 100 parts by weight of (A). The silver content should not be too high or too low. If the 
silver content as AgaO is less than 0.05 part by weight, the effect of nmproving performance by addition of silver 
is lowered, if it exceeds 2 parts by weight, adverse effects are brought atmut on catalyst perftmnanoe. and the 

25 selectivify to phthalic anhydride is lowered. 

Catalyst 2 of the invention is obtainatiie by supporting, on heat resent inorganic carrier, a catalyst active 
ingredient comprisiing 1 to 20 parts by weight of vanadium oxide as V^Os, 99 to 80 parts by weight of anatase 
type titanium oxide as TiQs and, per 100 parts by weight of the total of these two ingredients, 0 to 1 part by 
weight of niobium as NbaO^ 0.05 to 1 St parts by we^htof at leastone element sheeted fincm potassium, cesium, 

30 rubidium and thcdilum as oxide, 0 to 1 .2 parts by weight of phosphorus as P2O5, 0 to 5 parts by weight of anti- 
mony as Sb^, and 0.05 to 2 parts by weight of s!3ver as Ag20 (where contents of niobium, phosphorus and 
antimony not be zero at the saon^ time). 

In catalyst 2, as in catalyst 1, the Ag oontmt as AqzO is 0.5 to 2 (preferably 0.1 to 1) parts by weight per 
100 parts by we^ht of (A). The silver content should not l>e too high or too low. 

as When catalyst 2 contains 0.01 to 1 part by weight of niobium as Nb205, 0.2 to 1 .2 parts by weight of phos- 

phorus as P2O5, and 0.5 to 5 parts by weight of antimony as SbaO^, the selectivity to phthalic anhydride is enh- 
anced. 

The vanadium, niobium, potassium, cesium, rubidium, thallium, phosphorus and antimony starting mate- 
rials for preparing catalysts 1 and 2 may be selected from, aside from such oxides as V2O5, Nt>205, K2O, CS2O, 

40 Rk>20, TI2O, P2O5 and Sb203, compounds transformed to such oxide by heating - such as ammonium salts, 
nitrates, sulfates, halides, organic add salts and hydroxides of the individual elements. 

As for the sSver ingredient, aside from Ag20, a nitrate, ammonium salt, sulfate, halide, organic add salt, 
hydroxide, amine complex, phosphate or sulfide may be used. Some of them, such as silver halide and silver 
phosphate, are not transformed into oxide by heating In the production of the catalyst, but all of them may be 

45 used in the invention without trouble. Besides, when silver phosphate Is used, or when adding phosphorus 
ingredient as catalytic active substance, it is not necessary to consider the content of phosphorus in the sflver 
phosphate, and it is all right as far as the content as the oxide of phosphorus ingredient is within the prescribed 
range. 

The method of supporting the catalytic active substance on the heat resistant inorganic carrier in production 
of catalysts of the invention Is not particulariy limited, and various known methods can be used. A simple method 
is to put a specific volume of carrier into a rotary dmm which can be heated from outside, and spray It with a 
slurry of the catalytic active substance while keeping it at 200 to dOO^'C. 

The amount of cat^ytic active substance on the heat resistant Inorganic canier varies with the carrier size, 
and It is usually to 3 to 20 g per 100 cc of the canier. 
55 The catalytto active substance layer obtained by supporting the catalytic active substance on the carrier 
preferably has a surface such that 50% or more (preferably 75% or more) of the total fine pore volume (that 
occupied with a diameter of 10 |im or less) is occupied by pores of 0.15 to 0.45 \in\ diameter 
Such a catalytic layer be easily formed by adjusting the slurry concentration according to the particle size of 

3 
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the essential primary partides of the anatase type titanium oxide, in the supporting method using, for example, 
a rotary drum as mentioned above (see Japanese Patent Publication 49-41 036). For example when using anat- 
ase type titanium oxide with a primary particle size of 0.005 to 0.05 fun, the sluny concentration may be 5 to 
25 wt.%, preferably 10 to 20 wt%; and when using anatase type titanium dioxide with a primary particle size 
5 of 0.05 pm or greater, the slurry concentration may be 1 0 to 40 wt%. preferably 1 5 to 25 wL%. 

Herein, the fine pore volume is determined from the fine pore diameter distribution measured by mercury 
injection porosimeter. The specific surface area of anatase type titanium dioxide ts measured i^y the BET 
method, and the mean diameter is measured using a transmission electron microscope. 

After thus supporting the catalytic active substance layer, the catalyst of the invention can be obtained by 
10 baking in passing air for 2 to 10 hours at a temperature of 450 to 700^C. preferably 500 to 600^. 

The oxidation of o-xylene and/or naphthalene using the catalyst of the invention may be executed under 
usual reaction conditions. For example, a reaction tube of Inside diameter 5 to 40 mm, preferably 1 5 to 27 mm, 
is filled with the catalyst to a height of 1 to 5 m, preferably 1 .5 to 3 m, and held at a temperature of 300 to 400'»C, 
preferably 330 to 380<»C; into this reaction tube the o-xylene and/or naphthalene is blown, together with air or 
iS gas containing 5 to 21 vol.% molecular ox^en, at a rate of 5 to 70 g/Nm^ (air) in the case of air. or 5 to 1 10 
g/Nm^ (gas containing molecular oxygen) in the case of gas containing molecular oxygen, at a spatial velocity 
of 1,000 to 6,000 hr^ (STP). preferably 1.000 to 4,000 hr^ (STP). 

It can be advantageous to divide the catalyst in the reaction tube Into two or more layers to gh^e a plurality 
of reaction bands.vkdth a plurality of catalysts of controlled activ^ disposed In these bands so tiiat the activily 
20 is higher fitim the gas inlet towards the outlet 

For example, when using catalyst 2 the reaction tube may be divided into two layers, and the Inlet part filled 
with specried catalyst (first stage catalyst) to a layer height of 30 to 70% of the overall catalyst layer height 
while the remaining layer height at the outlet Is filled with catalyst (second stage catotyst) of higher activity than 
the f&st stage catalyst Catalysts of the same type but different in activity may be easily prepared by changing 
28 the content of, for example, phosphorus. Thus using 0.2 to 0.4 part by weight of phosphorus as oxide per 1 00 
parts by weight of (A), an above first stage catalyst may be prepared, and using 0.4 to 1.2 parts by weight a 
second stage catalyst of higher activily may be prepared. Catalyst activity may also t>e controlled by changing 
the type and/or content of element selected from potassium, cesium, rubidium and thallium. 

By performing the reaction under such conditions as mentioned at>ove, heat accumulation in the hot spot 
30 in the catalyst layer Is suppressed, and catalyst deterioration due to thenmal load is reduced, so that stable long 
term industrial operation Is possible. 

Excessive oxidation reaction due to the hot spot is prevented, and various effects are obteined. Including 
improvement of selectivity. Such effects are particulariy notable under high load reaction conditions such as 
high gas flow, and the productivity may be markedy entianced t>y raising the concentration of o-xylene or 
35 naphthalene. 

By using the catalysts of tiie Invention, phthallc anhydride may be manufactured at h^h selectivity from 
o-xylene and/or naphthalene. The operations of heat treatment and distillation to obtain phthallc anhydride pro- 
duct are f acil itated and products of higher quality may be obteined at lower cost as comp>ared with conventional 
methods. 

40 The catelyste of the invention are durable, and accordingly long-term steble operation is possible indust- 

rially. 

The invention is illustrated by the following Examples of some preferred embodnnents in comparison with 
Reference Examples not according to the invention. 

45 Example 1 

(Preparation of catelyst) 

After mbdng 80% concentrated stdfuric acid with ilmenite and reacting, an aqueous solution of titanium sulfiate 
so was obtained by diluting in water. Iron pieces were added to this as reducing agent, and the iron content from 
the ilmenite was reduced to ferrous ions; after cooling ferrous sulfate was precipitated and separated. Into the 
obteined aqueous solution of titanium sulfate, steam heated to ISO^'C was blown, and hydrous titanium o)dde 
settied. it was washed in water, pidded and washed again in water, and was baked at 800^0 for 4 hours in a 
passing airflow. It was crushed by jet air stream to obtein anatese type titenium oxide (hereinafter sometimes 
55 called simply titenium dioxide) with a mean particle see of about 0.5 ftm and specific surface area of 22 mVg. 

in 6,400 cc of deionlzed water, 200 g of oxalic add was dissolved, and 47.25 g of ammonium metavanadate, 
5.98 g of ammonium dihydrogen phosphate, 18.79 g of niobium chloride, 5.90 g of cesium sultete, 5.39 g of 
silver nitrate, and 38.73 g of antimony trioxide were added and stirred. To the obteined solution, 1,800 g of 

4 
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titanium dioxide was added, and was stirred by emulsifying machine to prepare a sluny. 

In a stainless steel rotary furnace of 35 cm diameter and 80 cm length which can be heated from outside, 
2,000 cc of SIC self-^inteied canier of spherical form with diameter of 6 mm and apparent porosity of 35^e was 
charged, and while rotating the fumace s^-eheated to 200 to 250'*C, the slurry was sprayed onto the canrier; the 
5 catalytic active sut^stance was thus supported at a rate of 8 g/1 00 cc (carder). Afterwards, in passing air, it was 
baked in an electric oven for 6 hours at SSO'^C, to prepare catalyst A. 

Table 1 shows the composition of catalyst A, the ratio in the catalytic active substance layer (vol.%) of the 
pore volume occupied by pores of diameter 0.15 to 0.45 pm to the total fine pore volime occupied by pores of 
10 (im or less diameter, and the specific surface area and mean particle size of the titanium dioxide used in 
io preparation of the catalyst (these aire collectively) called catalyst characteristics hereinafter). The said pore 
volume ratio is determined from the fine pore distribution measured by the Hg Iriiectim porosimeter. 

Catalyst B was prepared as for catalyst A, except that the content of ammonium dihydrogen phosphate 
was 23.92 g. 

The catalyst characteristics of catalyst B are shown in Table 1 . 
1$ The phosphorus content In catalyst B was higher than that In catalyst A. and the activity of catalyst B was 

higher than that of catalyst A. 

(Oxidation Reaction) 

20 Into an ton reaction tube of 25 mm inside diameter and 3 m length Immeiised In a molten salt bath kept at 
355**C, catalyst B was charged as second stage catalyst to a height of 1 m at the gas outlet end, then catalyst 
A as fiiBt stage catalyst was charged to a height of 1 «5 m at the snlet 

O-xylene was mixed at a ratio of 85 g/i^m^ (synthetic gas) with synthetic gas comprising 1 0 vol.% of oxygen, 
10 vol.% of steam and 80 vol.% of nttmogen, and this mkcKure was led Into the upper Inlet of the reaction tul>e 
25 at a space velodfy (SV) of 2,500 hr-^ (STP) to oxidize o-xylene. 

At the t>eginning of reaction, 3 months after start of reaction and 6 rrranths alter start of reaction, the yield 
of phthalic anhydride was measured, and the results are shown in Table 2. The conversion rate of oirtho3cylene 
is nearly 100%, and this yield can be regarded as the selectivi^ to phthallc anhydrSde. 

30 Example 2 

Catalyst C and catalyst O were prepared as in Example 1 except that 4.94 g of sSver suHiate was used 
Instead of 5.39 g of silver nitrate; the oxidation reaction was conducted as in Example 1. 

The catalyst characteristics of catalysts C, D are shown in Table 1 . and results of oxklation reaction in Tal>le 

3S 2. 

Examples 

Catalyst E and catalyst F were prepared as in Example 1 , except that 4.42 g of silver phosphate was used 
40 instead of 5.39 g of silver nitrate; the oxidation reaction was conducted as in Example 1. 

The catalyst characteristics of catalysts E, Fare shown in Table 1,and results of oxidation reaction In Table 

2. 

Reference Example 1 

45 

Catalysts K, L were prepared as in Example 1, except that the content of cesium sulfate was 8.25 g and 
that silver was not added; the oxidation reaction was conducted as In Example 1. 

The catalyst characteristics of catalysts K, L are shown in Table 1 , and results of oxidation reaction in Table 

2. 

Example 4 

(Preparation of catalysQ 

55 ilmenite and 80% concentrated sulfuric acid were mixed and allowed to react, then the product was diluted 

to obtain an aqueous s<riution of titanium sulfate. Iron pieces were added as reducing agent, and the iron from 
the Ilmenite was reduced to ferrous ions; after cooling fenrous sulfate was precipitated and separated. Into the 
obtained aqueous solution of titanium sulfate, steam heated to ISO^'C was blown, and hydrous titanium oxide 

5 
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settled. It was washed in water, pickled, and washed again in water, and was baked at 700''C for 4 hours in a 

passing air flow. It was cmshed by jet air stream, and anatase type titanium dk>xide with specific surface area 

of 33 m^/g and mean particle size of about 0.45 |im was obtained. 

In 6«400 cc of delonized water, 900 g of oxalic ack! was dissolved, and to this aqueous solution 408.60 g 
5 ammonium metavanadate, 10.34 g of ammonium dihydrogen phosphate, 17.33 g of niobium chloride, 2.72 g 

of cesium sulfate, 3.92 g of potassium sulfate, 31 .05 g of sih^er nitrate, and 42.35 g of antimony trioxide were 

added and stirred. To the obtained solution, 1 ,800 g of titanium dioxide was added, and the mbcture was stinred 

by emulsifying machine to prepare a catalyst slurry. 

Using this slurry, the catalytic active substance was supported as in Example 1 at a supporting rate pf 8.0 
10 g/100 cc of carrier, followed by baking in passing air In an electric oven at 560^Cfor 6 hours to prepare catalyst 

G. 

Catalyst H was prepared as for catalyst G, except that the content of anrvnonium dihydrogen phosphate 
was 31.02 g. 

iS (Oxidation Reaction) 

Into an Iron reaction tube of 25 mm inside diameter and 3 m length immersed in a molten salt t>ath kept at 
3S&>C, catalyst H was charged as second stage catalyst to a height of 1 m, then catalyst G as first stage catalyst 
to a height of 1 .5 m; to the upper part of the reaction tube naphthalene, mixed at a ratk> of 85 g/Nm^ (synthetic 
20 gas) with synthetic gas comprising 10 vol.% of oxygen, 10 vol.% of steam and 80 voL% of nitrogen, was intro- 
duced at a space velocity of 2,500 hM (STP) to perform the o^dation. 

The catalyst characteristics of catalysts G, H are shown in Table 1 , and results of oxidatk>n reactton in Table 

2. 

25 Reference Example 2 

Catalysts M, N were prepared as for catalysts G. H in Example 4, except ttiat the content of potassium 
sulfate was 1.96 and the content of silver nitrate was 77.63 g; the oxkiation reaction was performed as in 
Example 4. 

30 The catalyst characteristics of catalysts M. N are shown In table 1 , and results of oxidation reaction in Table 

2. 

Example 5 

35 (Preparation of Catalyst) 

In 6.400 cc of detonized water, 200 g of oxalic ackJ was dissolved, and to this aqueous solution 96.48 g of 
ammonium metevanadate. 4.82 g of cesium sulfate, 1 .18 g of thallium nitrate and 2.75 g of silver nitrate were 
added and stirred. 

40 To the obteined solution, the same anatese titenium dioxide as used in Example 1 was added (1,800 g as 

Ti02) and the mbcture was stirred by emulsifying machine to otytein a slurry. 

Using the slurry, the catelytic active substence was supported in the same manner as In Example 1 at a 

support rate of 8.0 g/1 00 cc of carrier followed by baking in passing air in an electric oven at 550*'C for 6 hours 

to obtein catalyst I (first stage catelyst). 
45 Catelyst J (second stege catelyst) was prepared as for catelyst 1, except that 2.96 g of nibidium nitrate was 

used instead of cesium sulfate and thallium nitrate. 

(Oxidation Reaction) 

so The reaction was conducted as in Example 1, except that a mixture of 70 g/Nm^ (synthetic gas) of 

ortiio3^ene with synthetic gas comprising 21 vol.% of oxygen and 79 vol.% of nitrogen was used and that tills 
mbced gas was introduced from the upper inlet of tiie reaction tobe at a space velodty of 3,000 hr^^ (STP). 
The catalyst characteristics of catalyste I, J are shown in Table 1, and results of oxidation reaction in Table 

2. 

55 

Example 6 

Catalyst Q was prepared as in Example 5 for preparation of catelyst I, except that 19.06 g of niobium 

6 
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chloride was added. 

Catalyst R was prepared as for catalyst J. except that the content of rubidium nitrate was 4.44 g and that 
6.08 g of ammonium dlhydrogen phosphate was added. 
The oxidation reaction was conducted as in Example 5. 

5 The catalyst characteristics of catalysts Q, Rare shown In Table 1, and the results of oxidation reaction in 

Table 2. 

Example 7 

io Catalysts S. T were prepared as In Example 5. except that 18.75 g of antimony trioxide was added and 
the oxidation reaction was conducted as In Example 5. 

The catalyst characteristics of catalysts S, Tare shown In Table Land the results ofoxldatton reaction In 
Table 2* 

IS Examples 

Catalyst U was prepared as In Example 5 for catalyst I. except that the content of cesium sulfate was 6.02 
9, and that 19.06 g of niobium cMoride and 6^8 g of ammonium dihydrogen phosphate were added. 

Catalyst V was prepared as for catalyst J, except that the content of rubidium nitrate was 4.44 g. and that 
20 6.08 9 of ammonium dihydrogen phosphate and 1 8.75 g of antimony trioxide were added. 
The oxidation reaction was conducted as in Example 5. 

The catalyst characteristics of catalysts U. V are shown In Table 1 . and the results of oxidaSon reaction In 
Table 2. 

25 Example 9 

Catalyst W was prepared as in Example 5 for catalyst I. except that 19.06 g of niobium chloride and 18.76 
g of antimony trioxide were added. 

Catalyst X was prepared as for catalyst J. except that the content of rubidium nifrate was 4.44 g, and that 
19.06 9 of niobium chloride, 6.08 g of ammonium dihydrogen phosphate, and 18.75 g of antimony trioxide were 
added. 

The oxidation reaction was conducted as in Example 5. 

The catalyst characterisGcs of catalysts W, X are shown in Table 1. and the results of oxidation reaction 
niTableZ 

Reference Example 3 

Catalyst O (first stage catalyst) was prepared as in Example 5 for catalyst I. except that the content of 
cesium sulfate was 6.03 g and that silver nitrate was not added. 

Catalyst P (second stage catal^)"was prepared asfor o/except that the content of rubidium nitrate was 
4.44 g and that silver nitrate was not added. 

Thereafter, the oxidation reaction was conducted as in Example 5. 

The catalyst characteristics of catalysts O. P are shown in Table 1 , and the resulte of oxidation reactton in 
Table 2. 

In these foregoing examples and reference examples the oxidation reaction was conducted with constant 
feed to the catalyst; in the case of orthoxyiene the molten salt temperature was set so that the by-product 
phthalide was controlled to under 0.1 wL%, while In the case of naphthalene, it was set so that the by-product 
naphthaquinone could be controlled to under 0.5 wL%. 
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chloride ytas acided. 

Catalyst R was prepared as for catalyst J, except that the content of rubidium nitrate was 4.44 g and that 
6.08 g of anvnonlum dihydrogen phosphate was added. 

The oxidation reaction was conducted as in Example 5. 
5 The catalyst characteristics of catalysts Q, R are shown In Table 1 , and the results of oxidation reaction in 

Table 2. 

Example 7 

10 Catalysts S, T were prepared as in Example 5, except that 18.75 g of antimony trioxide was added, and 
the oxidation reaction was conducted as in Example 5. 

The catalyst characteristics of catalysts S, T are shown in Table 1 . and the results of oxidation reaction in 
Tat^e2. 

IS Example 8 

Catalyst U was prepared as in Exan^le 5 for catalyst I, except that the content of cesium sulfate was 6.02 
g, and that 19.06 g of niobium chloride and 6.08 g of ammonium dihydrogen phosphate were added. 

Catalyst V was prepared as for catalyst J, except that the content of rubidium nitrate was 4.44 g, and that 
20 6.08 g of ammonium dihydrogen phosphate and 1 8.75 g of antimony trioxide were added. 
The oxidation reaction was conducted as in Example 5. 

The catalyst characteristics of catalysts U. V are shown In Table 1 , and the results of oxidation reaction in 
Table 2. 

25 Examine 9 

Catalyst W was prepared as in Example 5 for catalyst I. except that 19.06 g of niobium chloride and 18.75 
g of antimony trioxide were added. 

Catalyst X was prepared as for catalyst J, except that the content of rubidium nitrate was 4.44 g, and ttiat 
30 1 9.06 g of niobium chloride, 6.08 g of ammonium dihydrogen phosphate, and 16.75 g of antimony trioxide were 
added. 

The oxidation reaction was conducted as in Example 5. 

The catalyst characteristics of catalysts W, X are shown in Table 1, and the results of oxidation reaction 
in Table 2. 

35 

Reference Example 3 

Catalyst O (first stage catalyst) was prepared as in Example 5 for catalyst I. except that the content of 
cesium sulfate was 6.03 g and that siWer nitrate was not added. 
40 Catalyst P (second stage catalyst) was prepared as for O, except that the content of rubidium nitrate was 

4.44 g and that silver nitrate was not added. 

Thereafter, the oxidation reaction was conducted as In Example 5. 

The catalyst characteristics of catalysts O, P are shown in Table 1 , and the results of oxidatim reaction in 
Table 2. 

45 In these foregoing examples and reference examples the oxidation reaction was conducted with constant 
feed to tfie catalyst; In the case of ortiioxylene the molten salt temperature was set so that the by-product 
phthalide was controlled to under 0.1 wt%. while in the case of naphthalene, it was set so that the by-product 
naphtiiaquinone could be controlled to under 0.5 wt%. 
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Table 2 





Type of 


catalyst 


Yield of phthalic anhydride (wt.%) 




first: 
stage 


seoond 
Stage 


Initial(*) 


3 months(*) 


6 nioaths(*) 


Exainple 1 


A 


B 


114. 


8 


(3S3) 


115.0 


(349) 


115.0 


(350) 


Example 2 


c 


D 


114. 


7 


(353) 


115.0 


(349) 


115.1 


(350) 


Example 3 


£ 


F 


114. 


9 


(353) 


115.1 


(349) 


115.1 


(349) 


Ref.Ex.l 


K 


Xi 


112. 


5 


(353) 


113.0 


(349) 


113.0 


(350) 


Example 4 


G 


H 


104. 


5 


(363) 


104-7 


(358) 


104.8 


(357) 


Ref • Ex - 2 


H 


N 


100, 


.8 


(365) 










Example 5 


I 


J 


113. 


.5 


(357) 


113.8 


(354) 


113.8 


(354) 


Example 6 


Q 


R 


113 


.6 


(356) 


114.0 


(352) 


114.1 


(351) 


Example 7 


s 


T 


113 


.8 


(358) 


113.9 


(355) 


114.0 


(354) 


Example 8 


u 


V 


113 


.8 


(358) 


114.2 


(353) 


114.0 


(353) 


Example 9 


w 


X 


114 


.0 


(355) 


114.3 


(352) 


114.1 


(352) 


Ref .Ex.3 


o 


P 


110 


.0 


(360) 


110.5 


(358) 


110.4 


(357) 



(*) Molten salt t«i5»eratare 

Exan^les 1 to 3, Itef.Bc.l : orthojerlene to phthalic anhydride 

Exanple 4, Ref.E)e.2 : naphthalene to phthalic anhydride 

Sxanple S, -itef.Bx.3 : orthoicylene to phthalic anhydride 



From comparison between Examples 1 to 3 and Reference Example 1. and between Examples 5 to 9 and 
Reference Example 3. the yield of phthalic anhydride is evidently Improved by adding silver, and comparison 
between Example 4 and Reference Example 2 shows that there is limitation to the addition of silver 

As shown in Tables 1 and 2. the catalysts of the invention containing silver improved the yield of Phthaiw 
anhydride by about 2% as compared with the catalysis without silver, and their perfonnance after three months 
and six months Indicated great stabflity, giving great economic improvement For 

production of phthalic anhydride of 40.000 tons a year, a yield increase of 2% gives an additional 400 tons of 
phthalic anhydride without increasing the consumption of materials. 



Claims 



1. A catalyst for producing phthalic anhydride by vapor phase catalytic oxidation of o-xylene and/or 
naphthalene with molecular oxygen or gas containing molecular oxygen, having supported on a heat resis- 
tant inorganic canier a catalytic active substance comprising (A) 1 to 20 parts by weight of vanadium aade 
as V^Ob and 99 to 80 parts by weight of anatase type titanium dioxide with spedfic surface area of io » 
60 m?/g as TiO^ and (B). per 100 parts by total weight of (A). 0.05 to 1.2 parts by we^ghtp^ at "east one 
element selected liom potassium, cesium, mbidium and thallium as oxide and 0.05 to 2 parts by weight of 
silver as Ag20 . 

2. A catalyst for producing phthalic anhydride by vapor phase catalytic oxidation of o-xylene and/or 
naphthalene with molecular oxygen or gas containing molecular oxygen, having supported on a heat resis- 



10 



f 



EP 0 447 267 A1 



tant inorganic canier a catalytic active substance comprising (A) 1 to 20 parts by weight of vanadium as 
V205,and 99 to 80 parts by we^ht of anatase type titanium dioxide with specific surface area of 10 to 60 
in2/g as Ti02 and (C), per 100 parts by weight of (A), O to 1 part by weight of niobium as Nb205, 0.05 to 
parts by weight of at least one element selected from potassium, cesium, rubidium and thallium as 
5 oxide, 0 to 1 J2 parts by weight of phosphorus as P2O5, 0 to 5 parts by weight of antimony as Sb203, and 

0.05 to 2 parts by we^ht of sihfer as Agfi , the total content of niobium, phosphorus and antsmony not 
being zero. 

3. A catalyst according to daim 1 or 2 wherein. In the catalytic active substance layer supported on the heat 
10 resistant Inorganic carrier, the pore volume occupied by pores of 0.15 to 0.45 \an diameter is 50% or more 
of the total fine pore volume occupied by fine pores of 10 |im or less diameter. 
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